The aim of this study is to verify if the thickness of soft tissues and inclination of the incisors have some relation with profile, to analyze its relevance considering these two parameters separately and to screen how the combination of different inclinations and different thickness can generate different facial patterns.
IntroductIon
The cephalometric analysis has over time found different applications in orthodontics, including diagnosis of malocclusions, prediction of skeletal growth, and the evaluation of the effects of orthodontic treatment. Today orthodontic and dental studies are mostly oriented to find and test new treatment devices or to evaluate new radiographic analysis. 1 -8 Cephalometric analysis in the diagnostic field is still widely used to analyze, compare, and express the spatial relationships of the soft tissues and craniofacial and dentofacial complexes before the beginning of a treatment. The evaluation of the obtained data can be quantitative, with the use of measurements of distances and angles, or qualitative by superimposition of the laterolateral teleradiographs of the skull, which direct visualization of changes in the spatial relations of areas and anatomical landmarks. The cephalometric analysis is also particularly useful in evaluating the position of the incisors. Nevertheless, the study of the plaster models does not allow a correct analysis of this parameter because according to the cutting angle to the occlusal plane used to obtain the model, the inclination of the incisors can greatly vary.
A study conducted on a series of lateral radiographs analyzed by various orthodontists showed how the identification of cephalometric points can vary considerably according to the different clinical evaluations. 9 It must also be considered that the use of a single parameter does not provide certain information. Recent introduction of three-dimensional methods such as cone-beam computed tomography was able to solve part of the problems afflicting today's cephalometric studies, allowing a threedimensional evaluation of the entire skull.
The evaluation of the relationship between the teeth and the face begins with the observation of the concordance between the interincisive midline lines and the skeletal midline lines: this type of observation makes it possible to highlight possible deviations and asymmetries between the two jaws. A second important aspect in the evaluation of the relationship between teeth and soft tissues is the incisal exposure with lips at rest that should have a value between 1 mm; and 5 mm; changes in this value may be due to alterations in the length of the upper lip or the maxilla, taking into account that lips of increased thickness tend to reduce the incisal exposure. In addition to the evaluation of resting lips, it is particularly important to evaluate the patient while smiling.
Rationale of the Study
Best position of the teeth and the best esthetic result cannot be defined solely by an analysis of the teeth and also an analysis of the skeletal structures can be incomplete because soft tissues can in fact vary significantly in thickness, length, and postural tone depending on the patient. Anthropological studies have shown the impossibility of predicting the shape of the face, taking into account only skeletal parameters. At the same time, soft tissues have frequently less consideration, starting from the assumption that a good occlusion automatically correlates to a harmonious aspect of the overlying tissues. The objective of this study was to first verify whether the thickness of the soft tissues and the inclination of the incisors have some relationship with the characteristics of the profile; once the presence of a relationship is demonstrated, we will analyze its relevance, considering these two parameters separately and then define how the combination of different inclinations and different thickness can give rise to different facial patterns. To avoid the variability due to an excessive number of parameters to take into consideration, the analysis will only focus on the maxilla.
MAterIAls A n d Methods
The study was performed on 47 Caucasian patients (24 males and 23 females) aged between 6 years and 16 years. None of the patients presented craniofacial changes of syndromic nature, and for each patient, a laterolateral teleradiography was performed before the beginning of any orthodontic treatment. All patients presented a value of SNA in between 80° and 84° according to the values proposed by Steiner in order to avoid the influence of an altered position or dimension of the upper jaw on the values analyzed. A final inclusion criterion was represented by the inclination of the upper incisor, which has been evaluated in relation to the bispinal plane defined by the cephalometric points ANS and PNS according to the values proposed by the European Board of Orthodontics: the values considered acceptable to define the position of the upper incisor as normoinclined is between 104° and 116°.
The laterolateral teleradiographs taken into consideration showed the patients in a condition of natural head position and in the case of alterations in the position of the skull, these were oriented on the basis of the Frankfurt plan. Each radiograph has been digitized or analyzed directly in the digital format so that the various measurements can be performed using a cephalometric analysis software.
To analyze the relationships between soft tissues and position of the incisors, various cephalometric measures were taken into consideration:
• Thickness of the upper lip according to Holdaway • LS: distance from labial superior to TVL • ULA: upper lip angle • NLA: nasolabial angle • SU: depth of the upper sulcus according to Holdaway. • PN: Nasal prominence according to Holdaway • Mx1: distance from the edge of the incisor above the line TVL according to Arnett • Inclination of the columella.
stAtIstIcAl AnAlysIs
The study was divided into three parts, the first of which analyzes the general correlation between all the cephalometric parameters considered, the second focuses on the relationship between incisors and thickness of the soft tissues, and the third analyzes the mean values of the four groups.
Pearson correlation coefficient, Shapiro-Wilk test, multiple linear regression analysis, Durbin-Watson test, one-way ANOVA variance analysis, post hoc Turkey test, and Levene test were used to analyze the data obtained.
results
The first part of the study involved the analysis of all 47 patients to evaluate the presence of significant correlations between the values analyzed using the Pearson correlation coefficient. The Pearson coefficient makes it possible to evaluate the linear relationship between two continuous variables and is expressed by means of an r value ranging from −1 (perfect negative linear relation) to +1 (perfect positive linear relation); if the value is 0, there is no correlation between the two variables. All variables have a normal (or Gaussian) distribution as demonstrated by the Shapiro-Wilk test (p > 0.05) ( Table 1 ).
The thickness of the upper lip has a strong correlation with the labial prominence (r = 0.693), the upper sulcus (r = 0.692), and the upper lip angle (r = 0.735) while a negative correlation was found with l nasolabial angle (r = −306).
The position of the upper incisor (Mx1) correlates significantly with the labial prominence (r = 0.343), the superior sulcus (r = 0.312), and the upper lip angle (r = 0.309); no relationships with the nasolabial angle were found.
The cephalometric parameters related to the esthetic profile of the maxilla are all linked by strong correlations; in particular the correlation among SU, ULA, and LS is very high.
The nasolabial angle shows a strong correlation with the labial prominence (r = −0.374) and the upper lip angle (r = −0.410) with p < 0.01; the relationship with the upper sulcus (r = −0.342) and the thickness of the soft tissues is instead less significant p < 0.05.
The analysis also evaluated the relationship of the nose and the columella with the other cephalometric measurements: the nasal prominence (PN) correlates closely with LS (r = −0.762), SU (r = −0.738), ULA (r = −0.755), Mx1 (r = −0.445), and with the thickness of the soft tissues (r = −0.474); the ratios of the columella with the other measures are similar to those of PN and the close relation with the nasolabial angle is also noted (r = −0.627).
The second part of the analysis focused on how the relationship between the thickness of the soft tissues and the position of the incisors can influence the profile; a multiple linear regression analysis was then performed using the values of Mx1 and thickness as independent variables, while the LS, SU, ULA, and NLA values were taken into account as dependent variables.
lAbIAl ProMInence
Established Mx1 and thickness as independent variables, a multiple linear regression analysis was performed to verify whether it is possible to predict the extent of the labial prominence when the first two parameters change. The various assumptions necessary to perform this type of analysis were respected: the linearity was stability through partial regression graphs, the independence of the residues was ascertained by the Durbin-Watson test (1, 303) , and the absence of multicollinearity was defined by a tolerance level greater than 0.1. The regression model is able to define the LS value in a statistically significant way F (2.44) = 79.375, p < 0.0005, adj. R2 = 0.773. Both variables are significant with respect to the prediction p < 0.05; the coefficients and standard errors are shown in Table 2 .
Established Mx1 and thickness as independent variables, a multiple linear regression analysis was performed to verify whether it is possible to predict the extent of the upper sulcus when the first two parameters change. The various assumptions necessary to perform this type of analysis were respected: linearity was stability using partial regression graphs, residual independence was ascertained by the Durbin-Watson test (1, 242) and the absence of multicollinearity was defined by a tolerance level greater than 0.1. The regression model is able to define the LS value in a statistically significant way F (2.44) = 65.164, p < 0.0005, adj. R2 = 0.736. Both variables are significant with respect to the prediction p < 0.05; the coefficients and standard errors are shown in Table 3 .
uPPer lIP Angle
Established Mx1 positions and thickness as independent variables, a multiple linear regression analysis was performed to verify whether it is possible to predict the extent of the upper lip angle as the first two parameters change. The various assumptions necessary to perform this type of analysis were respected: linearity was stability using partial regression graphs, residual independence was ascertained by the Durbin-Watson test (1, 639) , and the absence of multicollinearity was defined by a tolerance level greater than 0.1. The regression model is able to define the LS value in a statistically significant way F (2.44) = 99.029, p <.0005, adj. R2 = 0.810. Both variables are significant with respect to the prediction p < 0.05; the coefficients and standard errors are shown in Table 4 .
nAsolAbIAl Angle
Established Mx1 and thickness as independent variables, a multiple linear regression analysis was performed to verify whether it is possible to predict the extent of the nasolabial angle when the first two parameters change. One of the assumptions to carry out this test has not been respected since the distribution of the variables had no linear trend; however, using the test, an adj has been found (R 2 = 0.054).
In the third part of the statistical analysis, the same sample was used divided into four groups according to the thickness of the tissues and inclination of the incisor. The 12-mm-thick measurement of the upper lip was used to discriminate between soft and thick soft tissues (Bergman), while three parameters were used to evaluate the inclination of the incisor in order to avoid possible classification errors owing to abnormal inclinations of the bispinal plane or of the N point; the parameters used are:
• Incisor inclination with respect to the bispinal plane (exoinclined >110°, endoinclined ≤110°) • Distance between a perpendicular drawn from point A and the edge of the upper incisor (McNamara) (the average of the values found equal to 4.97 mm was used as the discriminating value, exoinclined >4.97, endo inclined ≤4.97) • Distance of the upper incisor from the TVL (as a discriminating value the average of the values found was equal to −9.50 mm, exoinclined >−9.50, endoinclined ≤−9.50)
In case of discrepancy of one of the parameters, the position of the incisor was classified according to the indications given by the two accordant parameters. The groups obtained were defined in:
• Endo-thin: endoinclinated incisors and thin soft tissues (n = 10) • Exo-thin: exo-inclined incisors and thin soft tissues (n = 15) • Endo-thick: endoinclinated incisors and thick soft tissues (n = 12) • Exo-thick: exo-inclined incisors and thick soft tissues (n = 10)
To evaluate whether there are significant differences between the various groups, a one-way ANOVA variance analysis was performed using LS, SU, ULA, and NLA cephalometric parameters as dependent variables. The ANOVA analysis was followed by a post hoc Turkey test, which was used to discriminate between groups with and without significant differences; the data were found to be distributed normally as shown by the Shapiro-Wilk test (p > 0.05) and the variances were homogeneous according to the Levene test (p > 0.05).
Labial Prominence
The values relating to the labial prominence show an increase of this parameter starting from patients with thin and incisor soft tissues endoinclinated (0.48 ± 1.34), exo-inclined (1.93 ± 0.96), towards patients with thick soft tissues and endoinclinated incisors (2.50 ± 1.40) or exo-inclined (3.92 ± 1.22), in this order. The differences between the means found were statistically significant for each group (p < 0.05) with the exception of the exo-thin/endo-thick groups.
Upper Lip Angle
The values related to the upper lip angle show an increase in this parameter starting from patients with thin and incisor soft tissues endoinclinati (2.73 ± 4.92), exo-inclined (7.33 ± 3.79), toward patients with thick soft tissues and incinctive endoinclinati (10.45 ± 5.89) or exo-inclined (15.91 ± 4.42), in this order. The differences between the means found were statistically significant for each group (p < 0.05) with the exception of the exo-thin/endo-thick, as well as exo-thin/endo-thin groups.
Upper Lip Groove
The values relating to the upper labial groove show an increase in this parameter starting from patients with thin and incisor soft tissues endoinclinated (1.58 ± 1.04), exo-treated (3.04 ± 0.97), toward patients with thick soft tissues and endoinclinated (3.36 ± 1.43) or exoinclinated incisors (4.46 ± 0.98), in this order. The differences between the means found statistically significant for each group (p < 0.05) with the exception of the exo-thin/endothick groups. 
Nose-labial Angle
The values relating to the upper labial fissure show an increase in this parameter starting from patients with thin soft tissues and incisor endoinclinated (119.04 ± 7.61), exo-inclined (117.66 ± 8.69), toward patients with thick soft tissues and endoinclinated (113.63 ± 8.36) or exo-inclined incisors (112.27 ± 5.88), in this order. However, the differences between the averages found are not statistically significant (p = 0.157) ( Tables 5 and 6 ).
dIscussIon
Numerous studies have been carried out on the relationship between the bone bases and the overlying soft tissues with often contradictory results: Riedel states that the profile defined by the soft tissues is closely linked to the dento-skeletal component. 10 Subtenly indicates that not all parts of the profile directly follow the underlying bone tissue. 11 Burstone has suggested that there is not always a direct relationship between hard and soft tissues, indicating the cause of these discrepancies in the thickness of the tissues. 12 Stoner concluded that lip displacement appears to be associated with the movement of the incisors, while Wyle expresses the idea that the modalities of the profile following the orthodontic treatment do not depend on the inclination of the teeth. 13 According to Bloom, the growth of the tissues as well as the bone make it difficult to give a definitive answer about the relationship between soft tissues and hard tissues owing to a series of problems: usually the cephalometric analyses of the soft tissues and those of the bone bases are separated from each other; it is difficult to conduct a general analysis of the face and often some areas are not considered; the use of reference planes such as the Frankfurt plane or the Sella-Nasion plan can mask changes in the buccal region owing to skeletal growth; angular measures to define the position of the incisors may be incorrect because the root apex does not always remain in the same position of origin. 14 More recent studies on the subject have generally been more in favor of the relationship between hard tissues and soft tissues, evaluating how the retraction of the incisors has a direct effect on the characteristics of the profile.
The correlation analysis (Table 1) showed that both the thickness of the soft tissues and the position of the incisors are closely related to the profile since the ratio coefficient has been shown to be highly significant for all the esthetic parameters evaluated; the only exception is represented by the nasolabial angle, which shows a significant relationship with the thickness of the tissues but not with the inclination of the incisor. A previous study conducted by Franklin and Hunter on patients in the firstdivision class II found very close correlations between the position of the incisor and the nasolabial angle during treatment, a sign that the incision of the incisors directly affects the appearance of the profile. 15 Although these data may appear to be in contrast, in reality the aforementioned study analyzes the variation of the incisal position in the same patients, where other parameters, such as tissue thickness or nasal prominence, remain constant; in this study, on the other hand, patients with different facial features have been analyzed that directly influence the width of the nasolabial angle that is most determined by the shape of the nose, as shown by the close relationship with the inclination of the columella. This result may therefore suggest that the nasolabial angle is a less reliable parameter in evaluating the orthodontic profile and movement since its value is more associated with the shape of the nose, which can only be modified using surgical treatments. The correlation analysis also shows how the development of soft tissue of the nose is directly linked to the *Medium difference is significant at the 0.05 level development of soft tissues that overhang the jaw according to tissue-growth studies by Subtelny. 11 The linear regression analysis (Tables 2 to 4 ) was useful to better investigate how the position of the incisor and the thickness of the tissues affect these parameters and to what extent: the results found show that together, the thickness of the tissues and the position of the incisor can explain 77% of the variability of the lip prominence, 73% of the variability of the depth of the upper sulcus, and 81% of the variability of the inclination of the upper lip angle. In particular, the regression analysis showed that an increase of 1 mm in the thickness of the tissues, given as constant the position of the incisor, leads to an increase of 0.69 mm of the labial prominence, 0.60 mm of the depth of the labial sulcus higher, and a 2.8° increase in the width of the upper lip angle. Even the position of the incisor, at the same thickness, can influence the profile in a quantity that an increase of 1 mm in the exoinclination of the upper incisor leads to an increase of 0.42 mm in the prominence of the lip, 0.35 mm in the depth of the upper labial sulcus, and 1.5° amplitude increase of the upper lip angle. Given these values, it is possible to state that the thickness of the tissues has a greater influence on the profile with respect to the position of the incisors and therefore this parameter must be evaluated before starting an orthodontic treatment in order to predict the esthetic results.
The third part of the statistical analysis (Tables 5 and 6 ) focused on the analysis of possible combinations between incisal position and thickness of the tissues: the results found show that the thickness of the tissues has, even in this case, a greater effect in modifying the esthetic profile with respect to the position of the incisors. Lip prominence, upper lip angle, and upper labial groove have higher values in patients with thick soft tissues than thin ones; exo-inclined incisors are associated with increased values both in patients with thin tissues and thick tissues. The only groups, common to all three parameters, that do not show significant differences despite having different averages are the exo-thin and endo-thick groups. In this case, the lack of significance can be explained by the fact that thin soft tissues tend to follow more closely the position of the incisors with respect to the thick soft tissues, which remain more stable; this implies that in the case of exo-inclined incisors and thin soft tissues, the position of the incisors and the increased displacement of the tissues can compensate for the lack of thickness, thus making negligible the difference with patients characterized by thick inclinations and thick soft tissues. conclusIon Different esthetic cephalometric parameters studied in this work showed significative statistical correlations with lip position.
clInIcAl sIgnIfIcAnce
Thickness of the tissues showed a significant influence on the profile with respect to the position of the incisors, highlighting that this parameter should be everytime taken into account before starting an orthodontic treatment in order to obtain best esthetic results.
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